Abstract:This paper presents an analytical study of pulsatile flow of blood with micro-organisms through stenosed tubes in presence of transverse magnetic field.The effect of externally applied magnetic field on velocity, flow rate is studied.The analytical solutions for the velocity, volumetric flow rate are obtained using finite Hankel and Laplace transforms,and their natures are shown graphically for different values of involved parameters.
). The study of blood rheology and blood flow has several objectives such as not only understanding health and disease but also in essence, what kind of fluid it is (Buchanan et al., [3] , Hernan and Gonzalez, [9] , Ismail et al., [8] , Mandal, [6] ). Some authors in the area of blood flow feel that blood can be assumed to be Newtonian in nature especially in large blood vessels such as the aorta (Katiyar and Basavasarajappa, [10] ; Liepsch, [11] , Liu et al. [12] , Prakash et al. [13] , Tashtoush and Magableh [14] , Tzirtzilakis [15] ). In fact blood is a suspension of cells in plasma. The plasma which is a solution of proteins, electrolyte and other substances, is an incompressible virtually Newtonian fluid. From biomechanical point of view, blood is considered as an intelligent fluid, probably the most one in the nature, capable of adapting itself in a great extent in order to provide nutrients to the organs. It is well known that blood behaves differently when flowing in large vessels, in which Newtonian behaviour is expected and in medium and small vessels where non-Newtonian effects appear (Buchanan et al., [3] ; Chakravarty and Mandal, [7] Deplano and Siouffi [4] Ismail et al. [8] Mandal [6] ). Blood can be regarded as magnetic fluid, in which red blood cells are magnetic in nature. Liquid carriers in the blood contain the magnetic suspension of the particle (Tzirtzilakis [15] ).Human body experiences magnetic fields of moderate to high intensity in many situations of day to day life. In recent times, many medical diagnostic devices especially those used in diagnosing cardiovascular disease make use of magnetic fields. It is known from the magneto-hydrodynamics that when a stationary, transverse magnetic field is applied externally to a moving electrically conducting fluid, electrical currents are induced in the fluid. The interaction between these induced currents and the applied magnetic field produces a body forces (known as the Lorentz force) which tends to retard the movement of blood (Sud and Sekhon, [16] ), Chester [17] analyzed the interaction of the magnetic field with the electric current to propose the pressure of body forces in stokes problem for the discussion of the motion of the fluids in the classical hydrodynamics. Low frequency, low intensity magnetic energy has been employed for treating chronic pain secondary to tissue ischemia and slow healing and non healing ulcers with satisfactory to excellent results. This type of energy appears to affect biological process, not through heat production but through electrically induced changes in the environment of cells within the organism. Jauchem [18] studied the effects of low frequency electromagnetic energy on the peripheral blood circulation and concluded that low frequency, low intensity magnetic field increased blood flow in the great majority. It is believed that the magnetic flux stimulates the functions of various system of the body and regenerates the tissues of the body. Most of the biomedical problem may aptly be described as fluid flow problems involving channels or tubes. It is known that blood is an electrically conducting fluid. So the flow of blood in human system can be decelerated by applying the magnetic field and in turn it may help in the treatment of certain cardio-vascular diseases and also in the diseases with accelerated blood circulation such as hyper-tension, haemorrhages and so on. In the year1936 Kolin [19] was first to coin the idea of electro-magnetic field in the medical research. The possibility of regulating the blood movement in human system by applying magnetic field was discussed by Korchevskii and Marchink [20] for the prevention and rational therapy of arterial hypertension apparently of no less importance is close study of hydronamics changes associated with the electrically conducting fluid, then one such factor may be a magnetic field. By the Lenz's law the Lorentz's force will act on the constituent particles of blood. In other words this force will oppose the motion of conducting fluid and in general it will alter the haemodynamics indicators of the blood flow. Therefore, the prolonged exposure to a magnetic field and the associated haemodynamics shifts will lead to disturbance in the normal functioning of the cardiovascular system. Now a days electromagnetic field is applied in treating the patients with fractures in conditions of non-union, delayed union, compound fracture of severe nature, infections and fresh closed fractures with massive combination and large but limited fracture gaps where the treatment method available are very limited. The fractured portion requires more nutrition than the normal supply. If the e.m.f (electro magnetic force) is applied to that particular portion the velocity of the blood could be decelerated, so that the nutrition can be supplied abundantly and in turn the healing process will be fast. The medical practitioners have suggested that, for the lower limb fractures, in the initial stages of the treatment, samples treatment time of atleast 10hrs/day, effective magnetic field are all very much essential in acquiring good results.
Mathews [21] , Bhatnagar and Rakesh [22] have analyzed the flow of a visco-elastic fluid confined between a pair of infinite parallel rotating discs in the presence of an externally applied magnetic field in a direction perpendicular to the discs. Ramachandra Rao and Deshikachar [23] have studied the effect of transverse magnetic field on physiological type of flow in uniform circular pipe. Shastri and Seetaramaswamy [24] have studied the flow of the dusty viscous incompressible fluid through a circular pipe under the influence of a transverse magnetic field. They have mentioned that as the Hartmann number increases the velocities of the fluid and dust particle decreases Debnath and Ghosh [25] have investigated the motion of an incompressible viscous conducting fluid with embedded small spherical particles bounded by two infinite rigid non-conducting plates in the presence of an external transverse magnetic field. They have shown that the effect of dust particles on the fluid velocity depends on the time period. Unsteady MHD flow of a dusty viscous liquid in an annulus bounded by two co-axial cylinders under the influence of exponential pressure gradient when the outer cylinder is moving with time dependent velocity has been studied by Kour and Sharma [26] . Rathod and Shakera [27] have studied the pulsatile flow of blood through a porous medium under the influence of periodic body acceleration by considering blood as a couplestress, incompressible, electrically conducting fluid in the presence of magnetic field. Magnetic force therapy could be useful for the reperfusion of ischemic tissue or during sepsis. When blood flow to a tissue becomes blocked or reduced, necrosis will eventually occur. Local exposure of a magnetic field could potentially result in blood vessel relaxation and increased blood flow. The effects of magnetism on blood vessels and the cardiovascular system are very interesting. There is still no experiment that shows the effect of quite magnetic field on blood circulation. In recent years some studies (Katiyar and Basavarajappa [7] , Kinouchi et al. [28] , Sud and Sekhon [16] , Tashtoush and Magableh [14] , Tzirtzilakis [15] ) have been reported on the analysis of blood flow through single arteries in the presence of externally applied magnetic field. However there are very few studies focusing on the effect of magnetic field in the stenotic artery. Considering the influence of magnetic field on the stenotic artery, in this study, we look at the effect of transverse magnetic field and multi-stenosis on the blood flow in blood vessel. It is assumed that the arterial segment is cylindrical tube with time dependent multi-stenosis and the flowing blood is characterized by generalized Power-law model. Governing equations are solved by using suitable finite difference method. The effect of externally applied magnetic field on velocity, flow rate, flow resistance and wall shear stress is studied Our object in the present paper is to study the effect of magnetic field on pulsatile flow of blood through a stenosed tube with volume fraction of micro-organism. The velocity expressions for both blood and microorganisms have been obtained in Bessel-Fourier series form, by applying the Laplace and finite Hankel transforms. Further, by assuming blood as couple stress fluid and dusty particles as microorganisms, analytical expressions are obtained for velocities of blood and microorganisms. The changes in the velocity profiles are shown graphically.. Discussions drawn from the results may be important from medical points of view.
1.2) Formulation of the Problem:
We have considered the one-dimensional motion for a dusty unsteady, viscous, incompressible, electrically conducting couple-stress fluid through a circular pipe with an insulating wall in the presence of an imposed transverse magnetic field. The motion of the fluid is taking along the axis of the pipe. Hence there is only one non-zero component of velocity of the fluid and dust particle.
The governing equations of motion of blood with microorganisms are given by
where U and V denote the local velocity vectors of fluid and microorganisms respectively,  -density, P-static fluid pressure,  -kinematic viscosity,  -number density of micro-organisms, K-Stoke's resistance coefficient ( 
For the present problem, the velocity distribution is taken only in Z -direction and is function of r and t only. Then the equations (1.2.1) and (1.2.2) reduces to 
(1.2.14) 
1.3)Solution
The summation is taken over all the positive roots of (1.3.2). Applying the Hankel transfrom (1.3.1) and inverse transform (1.3.3) to the equation (1.2.11) and by using (1.2.10) and boundary conditions (1.2.13), we get the velocity of blood in non-dimensional form in the presence of microorganisms and magnetic effect as,
(1 )(1 )
Using the equation (1.3.4) and (1.2.10) in (1.2.12), we get the velocity for microorganisms in nondimensional form as 
The general apparent viscosity is defined by,
The apparent viscosity for blood and microorganisms respectively are given by the following expressions: 
The above velocity expression can further be reduced to steady blood flow in dimensional form by substituting n = 0.
In equation (1.3.4), if   , then it reduces to the velocity for pulsatile Newtonian fluid with microorganisms and magnetic effect as follow.
3) By substituting n = 0 in the above expression (1.4.3) , it reduces to the expression of steady Newtonian fluid in the dimensional form, without microorganisms under magnetic effect as,
With m = 0, the expression (1.4.3) will reduces to the pulsatile flow of Newtonian fluid in te absence of microorganisms along with magnetic effect as,
When the Hartmann number M 1 is zero in all the above expressions, we get the earlier results Ref [98] , for velocity of blood and Newtonian fluid for pulsatile and steady cases with and without microorganisms in the absence of magnetic effect. The results of Chaturani and Rathod [30] for pulsatile flow of Newtonian fluid in the absence of microorganisms and magnetic effect in nondimensional form can be obtained from the present model simply by substituting the Hartmann number M 1 = 0 in the expression (1.4.5), which gives
Further, the expression (1.4.6) will reduce to the expression for Newtonian fluid in the dimensional form and is given by the equation
The velocity expression (1.4.7) is exactly same as that of Ref [31] (equation (1.4.5) ). The velocity profiles obtained from this expression are in good agreement with the experimental results of Bugliarello and Sevilla [32] . The dimensional velocity expression for steady flow of blood in the absence of magnetic effect can be obtained by setting M 1 = 0 in the expression (1.4.2) as,
The velocity profiles obtained from expressions (1.4.8) are in good agreement with the experimental velocity profiles of Ref [32] and Bugliarello et at [33] respectively. The comparison of these velocity profiles have been shown through Table. 1.8 and figure 1. ) there is much difference in both velocities.
From figure-1.2, it has observed that the velocity of blood and microorganisms decrease as the Hartmann number is increased. Here the couplestress parameter  is increased from   2 to 4. In figure-1.3 , the velocity curve is drawn for fixed value of couple-stress parameter and for different values of Reynolds' number and Hartmann number. The velocity flow for blood and microorganisms decrease. From fig-1.4 , it is been noticed that as mass concentration 'b' increased the velocity of blood is more compared to the velocity of microorganisms. From fig-(1.5.1 It has confirmed from figures 1.6 and 1.7 that the flow rate is directly proportional to pulsatile Reynolds number and the couple-stress parameter. The flow rate is directly proportional to the Hartmann number, but for smaller value of couplestress parameter ( = 2) and for smaller value of pulsatile Reynolds number ( 2  = 4), there is slight difference in flow rate when the Hartmann number M 1 increases from 0 to 5. In this graph pressure gradient curve is also drawn. It is clear from the figure that there is a phase difference between the flow rate curves of blood and there is wider phase difference between the flow rate curves of microorganisms with pressure gradient curve. 
